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THE EFFECT OF OXIDATION ON THE FLOTATION OF CHROMITE 
AND ASSOCIATED MINERALS 

By D. G. Kotlyar, 1 W. K. Tolley,2 and D. A. Rice3 

ABSTRACT 

The effects of oxidation on the flotation of chromite and olivine were studied in an effort to improve 
chromite recovery from domestic sources. The flotation behavior of pure chromite, pure olivine, and 
a chromite gravity concentrate were investigated. Minerals were heated in air at 50°C for 3 h, or at 
150 or 250°C for 18 or 70 h to oxidize the mineral surfaces. The flotation response for the oxidized 
minerals was measured as a function of collector concentration and pH. Redox potential in the flotation 
slurries was measured. Freshly prepared chromite floated well between pH 2.2 and pH 4.5 but poorly 
at greater than pH 5. Oxidation at 150°C increased chromite floatability above pH 5 to about 30%. 
In contrast, oxidation did not measurably affect olivine flotation. This suggested that controlled 
oxidation may improve selectivity in the flotation of chromite from olivine. This concept was tested 
using a chromite gravity concentrate. Both flotation recovery and chromium oxide grade increased 
slightly following oxidation of the concentrate. Although the benefit from oxidation was small, this result 
shows promise for improving flotation selectivity using oxidation. 

lChemical engineer. 
2Supervisory metallurgical engineer. 
3Supe1visory metallurgist. 
Salt Lake City Research Center, U.S. Bureau of Mines, Salt Lake City, UT. 
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INTRODUCTION 

Chromium and its source mineral chromite are used 
extensively in stainless steels, high-temperature alloys, 
chemicals, and high-quality refractories. Significant 
chromite deposits are found in southwest Oregon and 
in the Stillwater Complex near Nye, MT. However, chro­
mite· is not produced domestically for several reasons. 
Domestic chromite deposits are relatively small and most 
are of a lower grade than other resources throughout the 
world (1).4 Most domestic chromite ores also contain 
silicate gangue minerals that are difficult to remove. 
Currently, all chromite used in the United States is 
imported (2). Typical grades of chromite concentrates 
used in industry contain 40% to 50% chromium oxide 
(Cr203) and have chromium-to-iron ratio of 1.5:1 to 3:1. 

The U.S. Bureau of Mines (USBM) showed that chro­
mite can be selectively concentrated from some low-grade 
resources by flotation using an amine collector (3-4). 
However, amine flotation is ineffective when the ore con­
tains olivine as the primary gangue mineral (4). As a 
result, the technology to treat many domestic chromite 
ores is lacking. 

The possibility of improving chromite beneficiation was 
indicated by data in the literature. Smith (5) found that 
oxidizing a domestic chromite at 50°C for 3 h improved 
its flotation in the range pH 4 to pH 12 using 1xlO-4 molar 
concentration (M) sodium dodecylsulfate (SDS) solution. 
These data are plotted in figure 1. Smith reports flotation 
results for fresh silicate minerals, but flotation of the 
similarly oxidized minerals is not reported. However, 
these data suggest that oxidation and redox control in 

Figure 1 

>' 
0:: 
W 
> o o 
w 
a: 

100"-=~~==~~~~~~~~~'-~~~ 

80 

60 

40 

20 

• 

\ 
\ 
\ 

\ .. 
\ 

Key 
• Fresh chromite 
... Oxidized chromite 

" '. 

.' •... " .. """"""""""".".".,,.,,.,,.,, .. ".,, ...... _\ 
\ 

1 
o~-L~~-L~~-L~~-L~~-L~~~~ 

1 3 5 7 

pH 
9 11 13 

G"'hromite flotalion in SDS showing the effect of oxidation to 
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flotation may prove to be significant in enhancing chromite 
floatability. 

Little information is available on the effects of oxidation 
on the flotation of chromite and associated gangue min­
erals. The USBM initiated research to collect funda­
mental data on oxidation in chromite flotation and to use 
this information to improve beneficiation technology. 

EXPERIMENT MATERIALS 

Pure, monosized chromite was obtained from American 
Colloid Co. This material is used as refractory sand. 
X-ray diffraction (XRD) analyses of the sample confirmed 
chromite as the predominant phase. Examination under 
the scanning electron microscope (SEM) showed that the 
sample contained approximately 97% chromite. 

Pure, monosized olivine was obtained from Applied 
Industrial Material Corp. This material also is used as 
refractory sand. XRD analyses identified magnesium-iron 
silicate [(Mg,Fe )2SiO 4]' SEM examination found that the 
sample contained approximately 85% olivine, with im­
purities of iron-magnesium-calcium silicates and chromite. 

A sample of chromite ore was obtained from the 
deposit at Mouat Mountain near Nye, MT. Chromite was 
beneficiated by gravity concentration and electrostatic 

4Italic numbers in parentheses refer to items in the list of references 
at the end of this report. 

separation. This concentrate contained approximately 45% 
to 55% chromite, 40% to 50% olivine, and 5% to 10% 
calcium, magnesium, and iron silicates. SEM examination 
of the sample show that the minerals were liberated. 
Chemical analyses of all three materials are shown in 
table 1. 

Table 1.-Chemical analyses of materials, weight percent 

Chromite Olivine Chromite Ore 

Cr20 3 •••••••••..•• 48 NAp '"20 
Fe ••••••• "" I •• ' 23 6 15 

Si02············· . 0.6 42 21 
MgO ... , .. , ...... 10 48 27 
AI20 3 • I •••••••• , •• 13 0.2 4.7 
CaO .............. 2.8 2.8 1.2 
Cr/Fe ............. 1.4 NAp 1.3 

NAp Not applicable. 
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EXPERIMENT'SAMPLE; PREPARATION 

Before the test work started, the test min,eralswere 
dividedjnto150~g'sf.lmples using a rotary splitter. These 
individual sampJes werelitored in closed plastic-bags until 
used. All samples were dry ground irl'a ceramic ball mill 
as needed.' Grinding times were' adjusted to obtain similar 
size' dis.tributionsfor each material. The pure chromite 
and chroniite concentrate' Were' ground for"10 mmjthe 

",puteolivinei sample"was ground: for 30 mill. 'Typicaisize 
,; 

"distributi011S 'of the ground, materials are plotted in 
figure'2i"'" L' k .,"j . 

,'Oxidized'samples were prepared; using freshly ground 
materials. The freslilygtound samples were heated in air 
at 50°C for 3 h, or'at 150 or 250°C forl8 or 70 h. These 
conditions were chosen to parallel Smith's test conditions 
(5). Several samples of freshly ground minerals were 
floated imni(~diately'after grinding as baseline tests. 

,EXPERIMENT FLOTATION PROCEDURE;" 

" : F1bta'tiotl t2st~ 'wer~" 'performed using a laboratory 
'D'enver flotation' xp:athine. : The piepare~ mineral samples 

, were poured intO' a 2.SiCflotationcell, The Sllrriples were 
, deslimedt'Wic¢' by Jhoro4ghlysuspending,the !lolidS' in 

water, 'alloWing the suspension tosettle for i,min/and 
decanting 'the 'supernabint liquid. Deidnized w;:tfer then 
was added fo obtairi a pulp-density of 5.4% solids. The 
pHwas adjustedushig sulfuric acid orsodium hydroxide 
as required; Predetermined amounts of SOS, used as both 
collector and frother in the tests, were added and the 
slurry was conditioned for 2 min. The samples then were 
floated for 3 min using air as the flotation gas at a 

Figure 2 
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constant impeller speed of 1,1.00 rpm. Following flotation, 
"thepHand redoxpotential,(Eh) in, the .p\Jlpwere meas­

ured; Ehieadings were taken using'a gold electrode in 
combination with a silver chloride reference' electrode. 
Poteritials ate reported' relative to' the standard hydrogen 
electrode. ' ' , ' 

Recoveries of the pure minerals were calculated using 
theweights of feed and concentrates. Grades and recover­
ies from the chromite concentrate were calcu1atedbased 

, on wet-chemical analyses of the feed, floated product, and 
tail. ' " " ' 
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CHROMITE FLOTATION 

The recovery curves plotted in figure 3 demonstrate 
that chromite recovery is highly dependent upon pH and 
SDS concentration. Freshly ground chromite floats well 
between pH 2 and pH 4.5. It floats extensively in 5xlO·sM 
SDS; however, lxl0-4M SDS is needed for complete chro­
mite recovery in this pH range using this particular mate­
rial. Recovery is poor at pH 5 and virtually disappears 
above pH 6 regardless of SDS concentration. 

Particle size also strongly affects floatability. Coarse 
chromite is more difficult to float with SDS than is fme 
chromite. Typical size distributions of chromite float and 
tail products are shown in figure 4. These data show that 
the float product is considerably fmer than the tail. 
Chromite recovery could likely be increased by modifying 
the grinding step to obtain a better size distribution for 
flotation. 

Figure 5 plots the recovery of chromite oxidized at 
50°C for 3 h. Recovery again depends strongly on pH 
and SDS concentration. The oxidation appears to have a 
slight effect on flotation of the pure chromite. Flotation 
is reduced at pH 4 and slightly improved at pH 6. How­
ever, Smith (5) observed that oxidation had a much 
stronger effect of increasing flotation between pH 6 and 
pH 10. Several differences in chemistry and procedure 
may account for the differences in flotation response: 

1. These tests were performed with a Denver flotation 
machine using air as the flotation gas. Smith's tests were 
conducted in a Hallimond flotation cell using nitrogen as 
the flotation gas. 

2. The chromite in the present study contains a higher 
amount of chromium than the chromite tested previously. 
Dallaire (6) found that chromite flotation with a sulfonate 
collector markedly decreased as chromium content in the 
mineral increased from 47% to 55%; thus, the chromite in 
the present study may be less amenable to flotation using 
an anionic collector. 

3. The chromite in the present study had a coarser 
particle-size distribution. The chromite was ground to 
-300 p,m for this study whereas Smith used the 
105x149 p,m fraction. Thus, the differences in flotation 
behavior could result from a combination of differences in 
test equipment, chromite composition, and particle size. 

Since oxidation at 50°C had OQly a small effect on 
flotation, more severe oxidation conditions were tested. 

Freshly ground chromite was oxidized at 150 to 250°C for 
18 to 70 h. Oxidation at 150° C yielded a further small 
increase in flotation between pH 6 to pH 8 as shown in 
figure 6. These results tend to substantiate Smith's 
fmdings (5) that oxidation enhances chromite floatability 
in the range pH 6 to pH 10. Figure 7 compares the 
flotation data of the two studies. The trend is clear that 
controlled oxidation improves chromite flotation in the 
range pH 6 to pH 10. 

OXIDATION POTENTIAL 

Figure 8 shows plots of the Eh in the chromite flotation 
slurries. No direct correlation between oxidation and the 
Eh is seen in these data. Based on these observations, it 
was concluded that oxidation of the chromite does not 
significantly change the Eh. The effect of oxidation on Eh 
is small because oxidizable components of chromite have 
vanishingly small solubilities in neutral solutions. How­
ever, this does not preclude the possibility that chemically 
altering the Eh during flotation could substantially affect 
flotation performance. 

Figure 4 
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OL.JV'J~E FLOTATION 
. -. . 

Figure 9 shows the recovery oLfreshly ground olivine 
· as a function of SDS concentration at pH 4.0 and pH 5.0. 

The maximum recovery acquired in ?,:xlO,sM SD? at pH 
· 4.0; further 41crel:\se~ in SDS .concentration up t05xl0-4M 
• decreased olivine flotation. As with chromite, the recovery 

of olivine is affected: by 'pH; flotation is better at pH 4 
than at pH 5 and rugher. FlotaHon of freshly gro:und 

· olivine in 5xl0,sM SDSsolution reached a m()XimuQl~ of 
• 28% at pH 4 compared with about 63% flotation offre~h1y 

ground chromite at these conditions. The finer olivine 
fraction floats more readily than the coarser fraction; as 
shown in figure 10. . . . 

OlivineJ.,:ecoveries in the present study were Jower than 
recoveries reported by Smith (5). Recovery of freshly 
ground olivine in a· nitrogen-purged Hallimond flotation 
cell reachfida maximunl of~61 %;at. pH 4.$;' whereas 
recovery in the Denve~ flotation cell reached a maximum 

Figure ~., .. 
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of2s% at pH 4. The lower recov~rY probably'is due 
largely to the coarser size fraction used in the present 
study (-300 p,m compared with 105x149 p,m). 

Oxidation. at s,poGfor 3 h. depressed olivine flotation so 
slightly ovedno~t or'the. pH range that the effect was con­
sidered tobe-insignificant. Data life shown in figure. ,11. 
More severe oxidation of olivine at 150°C and 250' °C for 
ao h likewise produced little change in flotation behavior. 

OXIDATION POTENTIAL 

Typical Eh's in olivine flotation slurries are plotted in 
figure 12. The Eh was not measurably affected by oxida­
. tion over the range pH 3 to pH 11. As with chromite, low 
:solubility of oxidizable,. sp~cies .ijJ. olivine explains the 

" ,insensitivitY'of ~ohitioh potf!11tia( to oxidation Of tlie olivine. 
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COMPARISON OF CHROMITE AND OLIVINE FLOTATION BEHAVIOR 

The maximum flotation of both chromite and olivine 
occurs near pH 4. As a result, selectivity in the flotation 
of freshly ground mixtures is poor. The data show that 
oxidation does not affect the pH at which maximum 
recovery occurs. Oxidation, however, affects the flotation 
behavior of these minerals differently in the pH range 6 to 
10. Oxidized chromite tends to float more' readily than 

freshly crushed chromite in this range as seen in figure 6. 
Flotation of olivine tends to be unaffected or slightly de­
pressed by oxidation over the pH range 2 to 9 as seen in 
figure 11. This suggests that controlled oxidation followed 
by flotation in the range pH 4.5 to pH 7 may be useful for 
selectively separating chromite from olivine. 

CHROMITE GRAVITY CONCENTRATE 

Several tests were performed to evaluate the possibility 
that oxidation could be used to improve flotation selectivity 
of chromite. A chromite gravity concentrate containing 
both chromite and olivine was used in this evaluation. 

Analyses of this concentrate are presented in table 2. For 
convenience, analyses of other relevant samples are in­
cluded in the table. 
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Table 2.-Chemical analyses of materials from Smith and 
current study, weight percent 

This study Chromite Smith study (5) 

Chromite Olivine conoen- Chromite Olivine 
tration 

Cr20 3 ••• 48 NAp 20 42.8 NAp 
Fe ..... 23 6 15 22 6 

SI02 ••• • 0.6 41.6 20.6 NAp NAp 
AI 20 3 ••• 13.4 0.2 4 .. 7 13.4 0.18 
CaO .... 2.8 2.8 1.2 0.1 Q.1 
CrjFe ... 1.44 NAp 1.34 1.37 NAp 

NAp Not applicable. 

Chromite recoveries in the flotation of gravity con­
centrate samples in 1xlO-4M SDS are shown in figure 13. 
Chromite recoveries from the gravity concentrate were 
lower than those obtained with pure mineral. Recoveries 
were greatest near pH 4 and became small above pH 5. 
Oxidation depressed chromite flotation slightly at pH 3 to 
pH 4. However, oxidation improved chromite recovery in 
the range of pH 6 to pH 8. 

Recoveries in the present study were lower than those 
obtained by Smith (5) although both studies used chromite 
from the same deposit. Differences in particle size, min­
eral chemistry, and flotation apparatus likely caused the 
lower recoveries in the present study. However, it is 

Figure 13 
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significant that oxidation increased recovery in the range 
of pH 6 to pH 8 in both studies. 

Product grade decreased slightly as pH increased from 
2.7 in the flotation of freshly ground gravity concentrate 
as shown in figure 14. Oxidation, however, resulted in 
marginally improved chromite grades. The optimum selec­
tivity occurred at pH 3.4· where recovery was 53% and 
grade was 27% Cr203• Interestingly, the best grade was 
obtained at pH 3.4 rather than between pH 6 and pH 8 
where oxidation has the greatest beneficial effect on 
chromite floatability. However, very slight improvement in 
grade was observed following oxidation in the range pH 6 
and pH 8. 

Obviously, grades and recoveries obtained in this study 
are far lower than those required for profitable com­
mercial flotation practices. However, the finding that both 
grade and recovery of chromite benefitted from oxidation 
is deemed to be significant and may provide the basis for 
developing a selective separation technique. Further re­
search is needed to demonstrate this finding conclusively. 

Typical size distributions of the float and tail products 
are plotted in figure 15. A finer size distribution was 
found in the float product as compared with the tail 
product. These distributions are similar to those for pure 
chromite. 

Figure 14 
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OXIDATION POTENTIAL IN CHROMITE GRAVITY 

The Eh's of the gravity concentrate flotation slurries 
were similar to the potentials found in the flotation of 
the pure chromite. The Eh was approximately 0.1 V 
near pH 3 and approached 0 V near pH 9 as shown in 

figure 16. As in the tests with pure chromite and olivine, 
no consistent effect of oxidation on flotation slurry Eh was 
noted. Here again, this is attributed to very low solu­
bilities of oxidizable ions from the minerals. 

CONCLUSIONS 

Smith observed (5) that chromite flotation could be 
altered significantiy by oxidation of the mineral. The 
USBM has now completed research to correlate the extent 
of chromite oxidation with changes in grade and recovery 
from a domestic chromite resource. Relatively long oxida­
tion times (18 to 70 h) at 150°C were required to meas­
urably increase chromite floatability. Improved chromite 
flotation was observed in the pH range of 6 to 8. How­
ever, even with a lengthy oxidation treatment the improve­
ment in chromite floatability using SDS flotation collector 
was small. 

Differences in the magnitude of flotation response were 
apparent between this and an earlier work. These dif­
ferences are likely due to differences in equipment, chro­
mite composition, and particle sizes. A laboratory Denver 
flotation cell using air as the flotation gas was utilized in 

the present study compared with the Hallimond flotation 
cell with nitrogen flotation gas in the earlier tests. The 
chromite in the present study had a higher chromium con­
tent, which is known to contribute to poor floatability (6). 
The size distribution wa,s slightly coarser in the present 
study, which also contributes to low flotation recovery. 

This study shows the potential for altering the selectivity 
in chromite flotation from gangue minerals using oxida­
tion. The effect of oxidation was not as dramatic in the 
present study as in earlier tests. Additional fundamental 
studies would be required to adequately understand the 
effect of oxidation on chromite and olivine flotation. How­
ever, controlled oxidation is a novel method that could be 
employed to enable selective flotation of chromite from 
siliceous gangue minerals. 
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